In this paper, a conjugate spectral problem and biorthogonality conditions for the problem of extended plates of variable thickness are constructed. A technique for solving problems and numerical results on the propagation of waves in infinite extended viscoelastic plates of variable thickness is described. The viscous properties of the material are taken into account using the Voltaire integral operator. The investigation is carried out within the framework of the spatial theory of viscoelasticity. The technique is based on the separation of spatial variables and the formulation of a boundary value problem for Eigen values which are solved by the Godunov orthogonal sweep method and the Muller method. Numerical values of the real and imaginary parts of the phase velocity are obtained depending on the wave numbers. In this case, the coincidence of numerical results with known data is obtained.
Introduction
The study of the propagation of deformation waves in elastic and viscoelastic media is an important direction in modern wave dynamics. The main problem is the study of the dissipative (damping) properties of the system as a whole, as well as its stress-strain state. With the free propagation of waves, the dissipation reduces to the attenuation of free waves. The rate of damping quantitatively estimates the dissipative properties of the system: the greater the decay rate, the
The Mathematical Formulation of the Problem
We consider the visco elastic waveguide as an infinite axial х 1 Based on the geometric relationships and relations of the generalized Hooke's law, taking into account the kinematic hypotheses (2), the expressions for the components of the strain and stress tensor has the form [7] ( ) ( ) ω -real constant. Then, we replace of (6) approximate species [8] ( ) ( ) Introducing the notation for points   2  2  2  2   11  22  2  2  2  2  1  2  2  1 ; ;
1
. Here E is the modulus of elasticity.
Integrating (3) in the strip thickness leads to the following form 2  2  2  2   11  12  22  2  2  2  5  1  2  1  2 2
Integrating twice by parts and alignment to zero, the coefficients of variation w δ inside the body and on its boundary and we obtain the following differential equation I. I. Safarov, Z. I. Boltaev DOI: 10.4236/oalib.1104262
with natural boundary conditions: 
The main alternative boundary conditions to them 
For, we construct a spectral problem by entering the following change of variables   2   2  2  22  12  2  2  2  1  1  2 ; ;
; .
Substituting (12) into (7) we obtain the differential equation of the system relatively sparse on the first derivatives х 2 : 
And alternative boundary conditions 2 0
and 
Now consider the infinite along the axis х 1 band with an arbitrary thickness changes ( )
We seek a solution of problem (13)- (15) To clarify their physical meaning, consider two cases: 1) In both cases, the imaginary part k I or C I characterized by the intensity of the dissipative processes. Substituting (16) in (17), we obtain a system of first order differential equations solved for the derivative ( ) ( ) 
with boundary conditions at the ends of the band х 2 = 0, l 2 , one of the four types 1) Swivel bearing:
2) Sliding clamp: 0
3) Anchorage: 0
4) Free edge:
Thus, the spectral formulated task (17) and (21) the parameter α 2 , describes the propagation of flexural waves in planar waveguide made as a band with an arbitrary coordinate on the thickness change х 2 . It is shown that the spectral parameter α 2 It takes complex values (in the case of 
The boundary conditions (18)-(21) in alternating , W M it has the form:
2) Sliding clamp:
3) Anchorage:
4) Free edge: 
Integrating (27) by parts, 
Thus (with
, It is shown that the square of the wave number for own endless strip of varying thickness is valid for any combination of boundary conditions. If
α It is a complex value for any combination of boundary conditions.
Adjoin Spectral Problem, Orthogonality Condition
The resulting spectral problem (17)- (21) is not self-adjoin. Built for her adjoin problem using this Lagrange formula [9] ( ) ( ) ( )
where L and L*-direct and adjoin linear differential operators; U and V*-arbitrary decisions of relevant boundary value problems.
In our case ( ) 
on the left-hand side of Equation (29) will be as follows 
Moreover, we get the conjugate boundary conditions of equality to zero is integral members ( )
1) Swivel bearing:
For conditions biorthogonality solutions once again use the Lagrange formula
that leads to the consideration of the following integral ( ) 
where to i j ≠ we have the condition biorthogonality forms: 
Fixed Problem for a Semi-Infinite Strip of Variable Thickness
Consider a semi-infinite axial x 1 lane variable section, wherein at the end (x 1 = 0)
harmonic set time exposure of one of two types of:
e , e , 0
where ( )
Transform the boundary conditions (41) so that they contain only selected our variables W, φ, M and Q ( ) ( ) 2  2   2  2  1  2  2  1  2 e , e , 0, 2  2  1  2  2  2  1  2  2 e , 1 e , 0, 
where , , ,
-biorthonormal own forms of the spectral problem (17) -
.
The representation (46) gives us the solution to the problem of non-stationary wave in the far field, i.e., where it has faded not propagating modes. The number of propagating modes used N course for each specific frequency ω, since the cutoff frequency is greater than the other ω.
Consider two cases of excitation of stationary waves in the band:
In the case of antisymmetric excitation, substituting (46) into (44) and expressing f M (x 2 ), obtain
Value biorthogonality (40) gives expression to determine the unknown coefficients ( ) ( ) At end face 1 0 х = specified:
e , e 
Introducing the desired motion vector in the form of
Go to the spectral problem 
with the boundary conditions ( )
Rewrite the system (54) as follows 
We seek the solution of (56) in the form ( ) 
satisfying the boundary conditions (55).
We obtain an algebraic homogeneous system 
For the existence of a nontrivial solution, which is necessary to require the vanishing of its determinant Open Access Library Journal 
Transforming (61)- (62) we obtain the following system of first order differential equations
The solution of (63) in the form 2 2 sin , sin
From whence • -own form of the dual problem, the corresponding Eigen value α j . Integrating by parts in (66), using the boundary conditions (55) and (62) we obtain the desired condition:
We now verify biorthogonality received their own forms (60) and (65) using the condition biorthogonality (67) 
We seek a solution of a problem ( ) ( )
e , e , 
On the other hand on the edge 1 0 х = the same integral as follows
Substituting in (72) from the normalized own form (65) we obtain 
From a comparison of the formulas (71) and (73) 
± determined from the ratio (60).
Numerical Results and Analysis
The numerical solution of spectral problems carried out by computer software system based on the method of orthogonal shooting S. K. Godunov [10] At high frequencies, where the wavelength is comparable or less than the fashion of strip thickness, there is, as is well known, localized in the faces of the Rayleigh wave band at a speed slower speed С s , however, as is obvious, this formulation of the problem, in principle, does not allow to obtain this result. However, it should be noted that in the application of the theory of Kirchhoff-Love platinum constant thickness is obtained the correct conclusion about the growth Kirchhoff theory-Lava applicability for studying wave propagation in waveguides is tapered, as the frequency increases with decreasing length of one side of the wave modes, with different wave localizes with the sharp edge of the wedge so that the ratio of the wavelength and the effective thickness of the material is in the field of applicability of the theory [15] . This statement is true, the smaller the angle at the base of the wedge.
It should also be noted that the numerical analysis of the dispersion Equation 
Conclusions
On the basis of these results, the followings may be concluded: Open Access Library Journal -On the basis of the variation equations of the theory of elasticity, the mathematical formulation of the problem of the propagation of longitudinal waves in plates of variable thickness is reduced to a system of differential equations with the corresponding boundary conditions.
-Showing that the square of the wave number for own endless bands of variable thickness in any combination of the action of the boundary conditions.
-The obtained spectral problem is not self-adjoint, so the associated problem is constructed for it. Coupling system consists of ordinary differential equations with the appropriate boundary conditions. With the help of the Lagrange formula obtained conditions biorthogonality forms. The problem is solved numerically by the method of orthogonal shooting S. K. Godunov in conjunction with the method of Muller.
-Analysis of the data shows that the region with the imaginary theory of Kirchhoff-Love to the plate of constant thickness is limited by the low frequency range. At high frequencies, when wavelength comparable to fashion or less than the thickness of the plate, theory Kirchhoff-Love does not yield reliable results.
-For the phase velocity of propagation modes in the band of variable thickness, there is final repartition unlike the constant cross-section strip.
